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Marinated chicken meat is an ideal substrate for the growth of microorganisms. The aim of this study was to 
determine the effect of high-intensity ultrasound on the microbial fl ora of chicken meat marinated in oregano oil. 
Three concentrations of oregano oil (0%, 0.1%, and 0.3%) and two types of marination (traditional and high-
intensity ultrasound) were tested. Microorganisms were enumerated immediately after marination and on 7, 14, and 
21 days of chilled storage. Marination in oregano oil resulted in signifi cant differences (P<0.05) in the numbers of 
anaerobic, lactic acid bacteria, and mesophiles. Ultrasound with 0.1% OEO did not show any effect on the three 
types of bacteria. The treatment with 0.3% oregano oil and ultrasound had the greatest effect on controlling microbial 
growth. Therefore, a combination of ultrasound and oregano oil is the most appropriate option for reducing the 
growth of mesophilic, anaerobic, and lactic acid bacteria in vacuum-packed marinated chicken breasts during chilled 
storage.
Keywords: microbiological quality, oregano essential oil, poultry meat, power ultrasound, marinated meat, 
antimicrobials
The growth of microorganisms in animal products is a crucial issue for the food industry, 
because the shelf-life of any food is determined primarily by its microbial content. Thus, 
control of the bacterial microfl ora is essential for increasing the shelf life and reducing 
economic losses. Various methods are employed to control microbial growth in chicken (e.g., 
vacuum packaging, the addition of preservatives and acidic agents (marination), and heat). 
Recently, it was shown that essential oils derived from herbs and spices, such as cloves, 
coriander, and oregano, can help to reduce signifi cantly the growth of microorganisms in 
various types of food products (BURT, 2004). Essential oils are naturally occurring chemical 
preservatives, so they are considered safe, and their acceptance by potential consumers is 
high (NYCHAS, 1995). In particular, the bactericidal activity of oregano essential oil (OEO) is 
attributed mainly to its major components, thymol and carvacrol. The bactericidal effect of 
OEO is mediated by damage to the bacterial cell membrane, which affects the pH, ionic 
balance (LAMBERT et al., 2001), and permeability (BURT, 2004). It has also been suggested that 
OEO depletes the ATP reserves (OUSSALAH et al., 2006). BURT (2004) mentions that OEO is 
one of the most effective natural compounds for microbiological control in meat products, 
including chicken (ORAL et al., 2009) and beef (SKANDAMIS et al., 2002). Furthermore, several 
authors have shown that the combination of OEO with other preservation methods further 
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enhances the control of microbial growth (CHOULIARA et al., 2007). Non-thermal treatments, 
such as high-intensity ultrasound, can also help to control microbial growth in foods, such as 
chicken meat (HAUGHTON et al., 2010), milk (CAMERON, 2007), water (HUNTER et al., 2008), 
fruit juices (CHENG et al., 2007), and vegetables (ZHOU et al., 2009). The antibacterial action 
of high-intensity ultrasound is attributable to the phenomenon of cavitation (CAMERON, 2007). 
By contrast, low-intensity ultrasound does not cause suffi cient cellular damage to eliminate 
microorganisms, because it produces too few bubbles by cavitation (JØRGENSEN et al., 2008). 
However, although it has been shown that the addition of OEO to meat is an effective 
microbial control method, its use has been limited because of its intense fl avour (CHOULIARA 
et al., 2007). However, OEO could maintain microbiological control without affecting the 
taste of food if used at an appropriate concentration (GOVARIS et al., 2010). The objective of 
the present study was to determine the effects of high-intensity ultrasound combined with 
OEO on the microbial fl ora of marinated chicken breasts.
1. Materials and methods
1.1. Samples and treatments
Ninety chicken breasts were obtained from commercial sources and used in this study. The 
meat samples were assigned randomly to one of six different treatments: T1, Control; T2, 
Ultrasound (US); T3, 0.1% Oregano essential oil (OEO); T4, US + 0.1% OEO; T5, 0.3% 
OEO; and T6, US + 0.3% OEO.
The samples subjected to traditional marination and traditional marination with 0.1 and 
0.3% OEO were dipped in brine for 7, 14, and 21 days and stored aerobically at 4 °C. The 
samples that received ultrasound treatments were marinated in an ultrasonic bath for 50 min 
at a frequency of 60 kHz and a power level of 40 W. All of the marinated samples were 
dipped individually in 125 ml of brine, which contained 0.045 g of garlic powder, 0.15 g of 
ground pepper, 0.9 g of sodium chloride, 0.015 g of onion powder, 0.15 g of citric acid, 0.06 
g of sodium benzoate, 0.15 g of phosphates, 0.12 ml of liquid smoke, 7.47 ml of olive oil, 
14.94 ml of vegetable oil, and 11.95 ml of apple cider vinegar. The OEO contained 60 g kg–1 
of carvacrol and 55 g kg–1 of thymol (Agrodonpablo®, Chihuahua, Mexico). After marination, 
1 ml aliquots of the brine were used for microbiological analyses. The meat was then vacuum-
packed and stored at 4 °C. The packs were opened aseptically on days 7, 14, and 21, and 1 ml 
aliquots were taken before the meat was vacuum-packed again.
1.2. Microbiological analysis
The samples were subjected to tenfold serial dilution in Maximum Recovery Diluent (Difco) 
and analysed by surface plating (0.1 ml of each dilution) on both plate count agar (Difco) and 
de Man, Rogosa, Sharpe agar (Difco). Anaerobic bacteria and lactic acid bacteria (LAB) 
were incubated anaerobically at 25 °C for 3 days. Mesophiles were incubated aerobically at 
35 °C for 3 days. The colony forming units per millilitre (CFU ml–1) were transformed into 
logarithmic scale units (log10CFU ml
–1).
1.3. Statistical analysis
The data were analysed with ANOVA procedure of SAS (2006), using the following statistical 
model: yij=μ+Ƭi+δj+(Ƭδ)ij+Ԑij; where yij=variables measure in chicken breasts (by count of 
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microorganisms) the effect of the ith treatment in jth day; μ=general mean; Ƭi=fi xed effect of 
the ith treatment; δj=effect in the j
th day (0, 7, 14, and 21); (Ƭδ)ij=fi xed effect of the interaction 
between the ith treatment and the jth day; Ԑij=random error normally distributed with zero mean 
and variance σ2 (Ԑij~ N (0, σ
2)). When the effect of the treatment was signifi cant between days 
(P≤0.05), the lowest signifi cant difference (LSD) was used to compare the log10CFU ml
–1 
means.
2. Results and discussion
2.1. Anaerobic bacteria
This work aimed to study the effect of high-intensity ultrasound combined with OEO on the 
microbial fl ora of marinated chicken breasts. There were signifi cant differences (P <0.05) in 
the growth of anaerobic bacteria only at day seven, when ultrasound treatment combined 
with 0.3% OEO gave the lowest microbial count (Table 1). The OEO treatment in itself did 
not have any effect (P>0.05) on the growth of anaerobic bacteria either in 0.1 or 0.3 %, the 
only evident effect was observed when 0.3% OEO was combined with US (T6). These results 
agree with a previous study by JUNEJA and FRIEDMAN (2007), who found that the number of 
anaerobic bacteria and their spores did not decrease signifi cantly after adding ≤0.1% OEO to 
fresh chicken, whereas the addition of higher concentrations inhibited or reduced microbial 
growth.
Table 1. Anaerobe count (log10 CFU ml
–1± standard error) recovered from chicken breasts treated with ultrasound 
and oregano essential oil (number of replicates per treatment: 15)
Treatments Storage time (days)
0 7 14 21
T1 3.89±0.31B 4.62±0.32abB 5.29±0.36B 6.11±0.32A
T2 4.35±0.31B 4.21±0.35abB 5.18±0.36AB 5.34±0.32A
T3 3.54±0.30C 3.54±0.36bcBC 4.40±0.36B 5.89±0.35A
T4 4.28±0.30C 5.39±0.31aB 5.74±0.36A 5.62±0.32AB
T5 4.04±0.30B 4.38±0.32abB 4.81±0.36B 5.74±0.32A
T6 3.11±0.35C 2.83±0.33cC 5.04±0.36B 5.78±0.32A
T1: Control; T2: ultrasound (US); T3: 0.1% oregano essential oil (OEO); T4: US + 0.1% OEO; T5: 0.3% OEO; T6: 
US + 0.3% OEO; CFU: colony forming units
a, b, c : Means in the same column with different superscripts are different at P≤0.05
A, B, C: Means in the same row with different superscripts are different at P≤0.05
POHLMAN and co-workers (1997) found that treatment with high-intensity ultrasound 
was not suffi cient to have signifi cant effect on microbial growth during long storage periods, 
although the bacterial content decreased signifi cantly immediately after treatment. In the 
present study, this effect was observed for the ultrasound with 0.1% OEO treatment at day 
seven, when a high bacterial content was found (5.39 log10CFU ml
–1). This could be attributed 
to the accelerated bacterial growth due to the nutrient release from muscle cells immediately 
after the ultrasound application. In addition, the increased growth rate during storage 
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(5.74 log10CFU ml
–1 at day 14) may have been because the ultrasound intensity was insuffi cient 
to maintain the control of anaerobic bacteria. SAMS and FERIA (1991) suggested that ultrasound 
may promote the release of nutrients from food during refrigeration, which may be utilized 
by specifi c types of bacteria, thereby resulting in increased microbial growth. In the present 
study this effect could be observed in case of the ultrasound treatment (T2) and the ultrasound 
with 0.1% OEO (T4) during the whole storage period, when the microbial counts were 
statistically similar (P>0.05) to the control. In general, the anaerobic bacteria growth tended 
to increase, particularly after 21 days of storage, when all treatments show the highest bacteria 
growth with no difference between treatments. The combined effect of ultrasound with 0.3% 
OEO showed the lowest anaerobic bacterial growth during the whole storage time, therefore 
T6 was the best treatment for controlling the growth of anaerobic bacteria in marinated meat.
The results for LAB indicate that the initial count was similar for all treatments, except 
for the ultrasound with 0.3% OEO (2.30 log10CFU ml
–1), which was the lowest, and it 
remained until day 7 (2.41 log10CFU ml
–1). At day 14, both OEO treatments (T3 and T5) and 
the ultrasound with 0.3% OEO showed the lowest LAB growth. At day 21, all treatments 
were statistically similar (P>0.05), showing no effect of treatments on LAB growth (Table 2). 
Like the anaerobic bacteria, ultrasound alone had no signifi cant effect on the LAB counts 
(P>0.05).
Table 2. Lactic acid bacteria count (log10 CFU ml
–1± standard error) recovered from chicken breasts treated with 
ultrasound and oregano essential oil (number of replicates per treatment: 15)
Treatments Storage time (days)
0 7 14 21
T1 4.51±0.35aB 4.47±0.41abB 5.46±0.38aAB 5.65±0.21A
T2 4.43±0.35aB 4.24±0.41abC 5.30±0.41aA 4.97±0.21AB
T3 3.94±0.35abC 3.42±0.41bcC 4.34±0.38abB 5.15±0.21A
T4 4.00±0.35abB 5.32±0.41aAB 5.38±0.35aA 5.17±0.22AB
T5 3.35±0.35bC 4.30±0.41abB 4.74±0.35abB 5.59±0.21A
T6 2.30±0.35cC 2.41±0.41cC 4.13±0.35bB 5.39±0.21A
T1: Control; T2: ultrasound (US); T3: 0.1% oregano essential oil (OEO); T4: US + 0.1% OEO; T5: 0.3% OEO; T6: 
US + 0.3% OEO; CFU: colony forming units
a, b, c: Means in the same column with different superscripts are different at P≤0.05
A, B, C: Means in the same row with different superscripts are different at P≤0.05
However, previous reports showed that ultrasound treatment was effective in the control 
of LAB (DOLATOWSKI and STASIAK, 2002), but CAMERON (2007) found that certain species of 
LAB are resistant to ultrasound treatment, which might have been the case in the present 
study. In general, the treatments that included OEO facilitated greater control of microbial 
growth during 7 day of refrigerated storage. These results agree with other studies, which 
have shown that the use of OEO, either alone (ORAL et al., 2009) or in combination with other 
treatments such as vacuum packaging (SKANDAMIS et al., 2002), decreases the LAB content 
and increases the shelf life of chicken meat. In the present study, the combination of ultrasound 
and 0.3% OEO resulted in lower increases in the LAB content after each storage period (2.30, 
2.41, 4.13, and 5.39 log10CFU ml
–1 at 0, 7, 14, and 21 day-storage, respectively).
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2.2. Mesophilic bacteria
The combination of vacuum packaging and OEO in fresh (CHOULIARA et al., 2007) and 
partially cooked chicken meat (NTZIMANI et al., 2010) is known to reduce the total bacterial 
count and to increase the shelf life. However, in the present study, the treatments with 0.1% 
OEO or ultrasound with 0.3% OEO (Table 3) had the best control over the growth of 
mesophilic bacteria (3.30 and 3.36 log10CFU ml
–1, respectively) at day 0 of storage. Similarly 
to anaerobic bacteria and LAB, high-intensity ultrasound had no signifi cant effect (P > 0.05) 
on the growth of mesophilic bacteria at any storage time.
Table 3. Mesophile count (log10 CFU ml
–1± standard error) recovered from chicken breasts treated with ultrasound 
and oregano essential oil (number of replicates per treatment: 15)
Treatments Storage time (days)
0 7 14 21
T1 4.75±0.32aB 4.74±0.43aB 5.87±0.34abAB 5.89±0.23A
T2 4.79±0.32aB 4.33±0.50abC 5.22±0.30bAB 5.84±0.23A
T3 3.30±0.37bD 4.23±0.43abC 4.92±0.30bB 5.67±0.23A
T4 4.36±0.32aC 5.24±0.44aBC 6.54±0.30aA 5.56±0.23B
T5 4.25±0.32abC 4.43±0.53abC 5.21±0.30bB 6.03±0.23A
T6 3.36±0.32bC 2.70±0.48bC 4.78±0.30bB 6.05±0.23A
T1: Control; T2: ultrasound (US); T3: 0.1% oregano essential oil (OEO); T4: US + 0.1% OEO; T5: 0.3% OEO; T6: 
US + 0.3% OEO; CFU: colony forming units
a, b :Means in the same column with different superscripts are different at P≤0.05
A, B, C, D: Means in the same row with different superscripts are different at P≤0.05
These results do not agree with previous reports (DOLATOWSKI and STASIAK, 2002), where 
aerobic and mesophilic (HAUGHTON et al., 2010) bacteria could be controlled by high-intensity 
ultrasound. Ultrasound with 0.1% OEO did not decrease mesophilic bacteria growth, showing 
no effect on that bacterium group until 21 days of storage. However, when ultrasound was 
combined with 0.3% OEO, there was an important decrease in mesophilic growth from day 
0 until day 14 of storage, though at day 21 all treatments were similar (P>0.05), which shows 
that high-intensity ultrasound also has an important effect on aerobic bacteria. These results 
suggest that their behaviour was similar to that of LAB and anaerobic bacteria, where lower 
counts were obtained with high-intensity ultrasound and 0.3% OEO (T6); the immediate 
effect of this treatment on aerobic bacteria and LAB can be explained by the results reported 
by POHLMAN and co-workers (1997), and such effect had a persistent effect on mesophilic 
bacteria during storage. Similar to other reports (ORAL et al., 2009; SHEKARFOROUSH et al., 
2007), the OEO concentration determines the levels of mesophilic bacteria during the storage 
of chicken breasts, since the lowest bacteria growth was observed at day 14 in T3, T5, and T6 
(0.1% OEO, 0.3% OEO, and US with 0.3% OEO, respectively). As mentioned earlier, SAMS 
and FERIA (1991) suggested that treatment with ultrasound may release nutrients that promote 
microbial growth in some cases, which may explain the results obtained for anaerobic 
bacteria, LAB, and mesophilic bacteria in the present study, where ultrasound failed to reduce 
bacteria growth.
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3. Conclusions
In the present study, high-intensity ultrasound alone was not effective for controlling the 
growth of anaerobic bacteria, LAB, and mesophilic bacteria during the refrigerated storage 
of marinated chicken meat. However, when ultrasound treatment is combined with 0.3% 
OEO, the growth of those bacteria is reduced. The use of OEO as an ingredient in the 
marinade for vacuum-packaged chicken breasts may be a viable alternative for controlling 
the growth of anaerobic bacteria, LAB, and mesophiles during chilled storage. In the present 
study, a combination of high-intensity ultrasound and OEO was the best alternative for 
controlling microbial growth on marinated chicken breasts.
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